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. Lighting the World 
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Figure .: Historical trend of luminous eﬃcacy of the most common light
sources from  to .
Compared to two centuries ago, the per capita average availability of arti-
ﬁcial photons for lighting in Europe has increased by about   times, with
the price almost unchanged []. However, it has to be emphasized that about
: billion people around the world still lack access to electricity and obtain illu-
mination by burning fuels. It is estimated that about one million barrels of oil
(:% of production) is still burnt daily for lighting purposes []. is poses high
safety and health risks through accidental ﬁres and indoor air pollution [].
e few data summarized above show that there is an urgent need for fur-
ther improvements in lighting, so as tomake it morewidespread, sustainable, and
aﬀordable. e tremendous progress made during the th century in improv-
ing the quality and availability of artiﬁcial lighting was accomplished through
the use of two main technologies: incandescent- and discharge-based lamps [].
Incandescent lamps consist of a bulb containing a wire ﬁlament that emits light
upon heating in a vacuum. ey emit up to  % of the energy as infrared photons
(i.e., heat) hence their eﬃciency is intrinsically low. Discharge lamps generate
light by means of an internal electrical discharge between electrodes that pro-
duces ultraviolet radiation, which is then down-converted into visible light by
solid or gaseous compounds; they can be substantially more eﬃcient than the
incandescent counterpart but oen at the expense of color quality. ere is a
variety of both type of lamps but these two traditional lighting concepts have
been exploited near to their limit; thus, new lighting approaches have emerged
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Figure .: Steady-state potential proﬁles of a planar PLEC during operation at
 V. Le: non-injection limited regime (using Al-capped Au electrodes). Right:
injection-limited regime (using slightly oxidized Al electrodes). e panels be-
low each potential proﬁle are steady-state photoluminescence images of the
devices. e white dashed lines in all micrographs indicate the electrode inter-
faces.
age never below V []. By this method it was shown that, at the start of the
operation, the current density is limited by the injection barriers for holes and
electrons. With prolonged biasing the injection barriers decrease and the current
density becomes limited by the transport through the active material, this is re-
ferred to as “bulk-limited” condition. In bulk-limited OLEDs, the double carrier
current density is space-charge limited and can be described using the underly-
ing equation:
J = 
V 2
x2n
(.)
where xn is the eﬀective layer thickness and  is a prefactor depending on the
dielectric constant, electron and hole mobility, and bimolecular recombination
rate [].
In Figure . on the following page, the current density versus the eﬀective
applied voltage at diﬀerent operation times is depicted []. At driving times of
min and beyond, the current follows the typical quadratic dependence on volt-
age, indicating that it is space-charge limited. According to equation ., the one
order of magnitude increase of device current (observed at : V driving voltage
for over min) is due to a decrease of the eﬀective layer thickness by approxi-
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